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Objectives. The aim of this study was to compare methods of quantifying calcification of the internal carotid artery.
Materials and methods. We examined 92 internal carotid artery endarterectomy specimens. Grey scale median (GSM)
values were calculated from optimized B-mode scans. The degree of calcification was assessed using radiographic
calcification grading. Plaques were processed histologically, and classified into: (1) calcium-rich hard plaques, (2) lipid-rich
soft plaques, and (3) combined plaques. The specimens were scanned in CT-scanner. The calcium score was determined as
described by Agatston.
Results. Histopathology and GSM results concurred in 39 out of 92 cases (k ¼ 0.088). There was no significant correlation
between the calcium score and the median GSM value (R ¼ 0.005; P ¼ 0.959). Histology and CT morphology showed a
significant concordance (P , 0.001). Also CT and radiomorphological classification showed close agreement (R ¼ 0.628,
P , 0.001).
Conclusions. Calcium scores calculated using CT morphology enable precise in vitro evaluation of the calcium content of
plaques in the internal carotid. In contrast, grey scale median values do not adequately reflect calcification of plaques.
Key Words: Carotid plaque; Grey scale analysis; Calcium score; Computed tomography; Ultrasound.
Large controlled, randomized studies from North
America and Europe have shown the benefits of
carotid endarterectomy (CEA) in preventing stroke.
In these studies, the degree of stenosis was the only
selection criterion.1–3 In addition to the degree of
stenosis, the structural composition of the plaque
shows potential for stratifying patients into different
risk groups.4 The association between lipid-rich
plaques and the increased risk of ipsilateral cerebro-
vascular ischemia has been reported a number of times
before.5,6 Several groups have attempted to use non-
invasive methods for preoperative diagnosis of plaque
morphology. It was initially hoped that this might be
possible using computer-assisted analysis of plaques
with ultrasound B-scans.7,8 However, in some studies,
in vivo ultrasound and histopathology have shown
poor correlation or yielded contradictory results.9–11
Even well standardized in vitro procedures have
shown no association between ultrasound and histol-
ogy.12 Calculation of the calcium score using com-
puted tomography (CT) is a method for demonstrating
the calcification of plaque in the coronary arteries.13
The calcium score is accepted as a method for
measuring the degree of calcification of the coronary
arteries.14,15 There have been no previous reports
evaluating this method in the extra-cranial internal
carotid arteries.
The aim of this study was to investigate the
reproducibility of calcium scores derived from CT
morphology in an artifact-free in vitro model. The
intention was to show whether the calcium score
calculated by this method correlates with the histology
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and radiological classification of plaque in the internal
carotid artery. The final objective was to find out
whether there is a connection between the calcium
score and a standardized computer-assisted analysis
of grey scale median values using ultrasound B-scan.
Materials and Methods
We examined 92 consecutive plaques from internal
carotid arteries of 89 patients (62 men, 27 women,
mean age 69.3 years) with stenosis greater than 70%
according to the NASCET criteria harvested by ever-
sion endarterectomy with avoidance of artefactual
lesions. Specimens that could not be removed en bloc
were not evaluated. The specimens were preserved in
10% formalin for further studies.
Calculation of the calcium score using CT
The plaques were studied in a sample tube containing
formalin and 1.5% iopromide (Ultravist 300, Schering,
iodine content 300 mg/ml) in a four-slice spiral CT
(Somatom Volume Zoom, Siemens Medical Solutions,
Germany). The studies were carried out at 120 kV and
25 eff mAs (RT 0.75 s) with a 2 £ 0.5 mm collimaton.
The table feed was 0.5 mm per rotation, and the
reconstruction increment was 0.1 mm (St: 0.5/TF:
0.5/RJ: 0.1). Calcification of the carotid plaque was
quantified using standardized CT software
implemented in the scanner (Somaris, Version A
40B), with calcium defined as a radiation attenuating
structure with a density of more than 130 Hounsfield
units (HU) in an area of 0.5 mm2. The calcium score
was calculated as the product of the lesion area and
the cofactor 1–4 (cofactor 1, 130–199 HU; cofactor 2,
200–299 HU, cofactor 3, 300–399 HU, cofactor
4 $ 400 HU) at the maximum thickness of the lesion
being measured. The overall calcium score of the
plaque was the sum of the values for all individual
lesions.16 For evaluation, the number of areas of
calcification, the equivalent mass of calcium as
calcium hydroxyapatite (CaHA) and the calcium
score were combined using the method described by
Agatston. To improve the judgment of the CT scan
compared to histological findings a separate analysis
of the volume of the calcium-containing zones of the
individual plaques was performed.
Determination of grey scale median value by ultrasound
B-scan
For evaluation of morphology, the plaques were
scanned with a 10 MHz linear ultrasound probe
using optimized technique at 60 dB as near longi-
tudinally as possible (Logic 500, General Electric
Company, Fairfield, USA). Measurements were
carried out in a special chamber filled with 0.9% saline
and a depth of 1.5 cm. The B-scans were stored
digitally and were standardized using image process-
ing software (Adobe Photoshop D1-6.0, Adobe, USA)
and the grey scale median value of the plaque was
calculated.12 This describes the percentage distri-
bution of the pixels and serves as a measure of the
echogenicity of the whole plaque. The grey scale
median was compared with the histological findings
of all the specimens.
Histological examination and specimen radiography
The formalin-fixed specimens were examined by light
microscopy (HE and EvG staining). All sections of the
plaques were examined for the presence of necrosis,
hemorrhage, lipid-rich, fibrotic and calcium-rich
zones. For evaluation, the results were classified into
three groups: (1) calcium-rich fibrotic hard plaques,
(2) combined plaques, and (3) lipid-rich soft plaques.17
An experienced pathologist blinded for the results of
the ultrasonographic and computer tomographic
examination analyzed the plaque. The proportion of
the calcification within the plaque was estimated as
follows: #10%, .10%– # 33% and .33% calcifica-
tion.18 The extent and topography of calcified zones
were determined from radiographs of the fixed speci-
mens. The specimens were X-rayed once at 60 kV/3
time units and once at 70 kV/2 time units (Faxitron
Table Radiograph, Rhode and Schwarz, Germany).
The scoring was based on the overall picture of the
radiologically demonstrable calcified structures for
each vessel. Results were classified as ‘I’ no or slight,
small foci of calcification, ‘II’ moderate, non-confluent
calcium deposits, or ‘III’ large, large-area areas of
calcification.17
Statistics
Results were stored in a database and were analyzed
statistically using SPSS for Windows (SPSS Inc. 10.0.5,
Chicago, IL, USA). The non-parametric Spearman’s
rank order test was used for correlation analysis.
Cohen’s Kappa test was used to compare classifi-
cations by different methods.
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Results
Calcium scoring
The mean calcium score for the 92 specimens was 382
(median 289, SEM 36.8). The mean equivalence mass
of calcium as CaHA was 122 (median 109, SEM 12.7).
There was a highly significant correlation between
these values (P , 0:001; R ¼ 0:969; Fig. 1).
Twenty-five plaques had non-confluent calcifica-
tion, 22 plaques had two areas of calcification, 23 three
areas of calcification, and 22 had more than three non-
confluent areas of calcification. There was no satisfac-
tory correlation with the calcium score ðR ¼ 20:254Þ or
equivalence mass ðR ¼ 20:298Þ:
Comparison between histology and CT-derived calcium
score
In the comparison between histopathology and the
CT-derived calcium score in relation to the volume of
the calcium-containing zones of the plaques, the
median values were 1.29 (SD 0.16; SEM 0.02) in the
40 specimens with soft plaques on histology; 1.33 (SD
0.03; SEM 0.01) in those with hard plaques ðn ¼ 10Þ
and 1.32 (SD 0.04; SEM 0.01) in specimens with
combined plaques ðn ¼ 42Þ: These parameters were
significantly associated ðP , 0:001Þ (Fig. 2).
Comparison between CT morphology and radiological
classification
Of the 92 specimens, 42 contained little or no
calcification on radiography, 32 had moderate calcifi-
cation, and 18 specimens had marked calcification.
The median calcium score on CT morphology was 137
for plaques with slight calcification (mean 157; SEM
24.2), 416 for plaques with moderate calcification
(mean 468; SEM 83) and 753 for plaques with marked
calcification on radiological examination (mean 753;
SEM 174). The two methods had a significant
correlation (R ¼ 0:628; P , 0:001) (Fig. 3).
Comparison of CT morphology and ultrasound
Comparison of the calcium scores and grey scale
median value on ultrasound imaging of the carotid
plaque showed no correlation (R ¼ 0:005; P ¼ 0:959)
(Figs. 4 and 5).
Comparison of histology and ultrasound
The mean GSM for all plaques was 72 (range 14–122,
SD 19). Soft plaque was present on histology in 12 out
of 21 specimens with a GSM of less than 62. Combined
plaque was confirmed in 24 out of 49 specimens with
GSM values between 62 and 84. Hard plaque was
confirmed histologically to be present in three out of 22
specimens with GSM values greater than 84. Overall,
results concurred with histopathology in 39 out of 92
cases (42.4%; k ¼ 0:088; P ¼ 0:220) (Fig. 6).
Comparison of histology and radiological classification
In the histopathology analysis, 40 (43.5%) samples
were classified as lipid rich, 10 (10.9%) samples as
calcium-rich, and 42 (45.6%) plaques as mixed.
According to the radiological classification, 42
(45.6%) plaques had mild or no calcification, 32
(34.8%) had moderate and 18 (19.6%) samples had
marked, extensive calcification. Radiological scoring
and histological classifications showed agreement in
62 of the 92 samples. This correlation was significant
(k ¼ 0:475; P , 0:001; Table 1).
Discussion
In addition to the degree of stenosis, analysis of the
internal structure of plaques of the carotid bifurcation
is becoming increasingly important. Compared with
Fig. 1. Comparison of the calcium score with the equivalent
mass measured in mg calcium hydroxyapatite (P , 0:001;
R ¼ 0:969).
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calcium-containing ‘hard plaques’, plaques with a
high lipid content are associated with an increased risk
of ipsilateral cerebral ischemia.5,6 Duplex sonography
is essentially suitable for determining the degree of
stenosis and demonstrating the echogenicity of
plaques.19 However, reported correlation between
ultrasound and histology is inconsistent,5,8,10,12
despite excellent reproducibility of computer-assisted
grey scale.9,11,20 The series reported here confirms
previous reports that, even under maximally standard-
ized in vitro conditions, ultrasound and histology do
not correlate.12 The normalization and calibration of
the grey scale analysis is ensured by a uniform
assessment for all plaques by a standardized calcium
block. It cannot totally be excluded that the lack of
correlation may be due to the different normalization
of the image by means of a piece of chalk in vitro
compared with the normalization by means of the
adventitia in humans. However, the calibration to a
value of 250 instead of 185–195 (for adventitia layer)
would lead to a higher GSM rather than a lack of
agreement with histology. In this study, we also
classified histological evaluation into three main
categories (soft plaque, combined plaque and hard
plaque). In addition, we recorded several parameters
(e.g., presence of atheroma, necrotic core, hemorrhage,
Table 1. Comparison of histology and radiological grading
(1 5 mild, small calcification foci; 2 5 moderate calcification;
3 5 more severe, extensive calcification) (k5 0:475; P < 0:001)
Radiography Total
1 2 3
Histology Soft 35(38%) 4(4%) 1(1%) 40(42%)
Histology Combined 6(7%) 23(25%) 13(13%) 42(46%)
Histology Hard 1(1%) 5(5%) 4(4%) 10(11%)
Total 42(46%) 32(35%) 18(20%) 92(100%)
Fig. 2. Comparison between the calcium score and histo-
pathology of the carotid plaque (R ¼ 0:551; P , 0:001).
Fig. 3. Comparison of the calcium score with radiological
grading. This was classified as ‘1’ mild, small foci of
calcification, ‘2’ moderate calcification, and ‘3’ more severe,
extensive calcification (P , 0:001; R ¼ 0:628).
Fig. 4. Comparison of the calcium score with the grey scale
median (P ¼ 0:959; R ¼ 0:005).
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fibrosis), which were not considered in the evaluation
in order to simplify the categories.
Possible reasons for the inadequate correlation with
ultrasound include the reduction to a two-dimensional
assessment, operator dependence, and artifacts due to
calcification leading to acoustic shadowing and
inadequate plaque visualization.21 Schminke and
colleagues have reported promising results using 3D-
sonography to measure the volume of plaques.22
However, this appears to be impracticable for routine
clinical use because of the considerable time involved.
A possible criticism of this comparison is the use of
histology as the gold standard for describing plaque
morphology. It has been shown that histological
processing of atheromatous plaques can reduce the
calcium content by 45% and the lipid content by 25%,
leading to errors in estimating the contents of both.23
This has led to the development of radiological
grading of surgical specimens of the internal carotid
artery to improve quantitation of calcium.17 This
procedure correlates well with histology.
The search for other techniques able to demonstrate
plaque morphology has led to the use of spiral CT
examination with systemically administered contrast
medium during CT angiography. The content of lipid
and fibrotic tissue have been analyzed quantitatively
with variable results.24–26
There are no previous reports of quantification of
the calcium content of carotid plaques in vitro by
computed tomography using Agatston’s method
(Agatston Score).16 However, this method has been
used for assessing coronary arteries since 1990, and is
in routine clinical use because of its predictive power
with regard to coronary symptoms.27 Since themethod
is capable of recording coronary calcification very
precisely, it can be applied using current CT instru-
ments.28 We used the calcium score in this study,
although it has been shown in experimental studies on
coronary arteries to have poorer accuracy and greater
Fig. 5. Images of the same plaque using digital photography
(a), sonography (b), and 3-D computed tomography recon-
struction (c). The light areas show the calcium content of the
plaque (radiation attenuating structure with a density of
more than 130 Hounsfield units (HU)).
Fig. 6. Comparison between the grey scale median distri-
bution (GSM) and histopathology of the carotid plaque
(k ¼ 0:088; P ¼ 0:220).
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variability than the equivalence mass method.29
However, in this study there was a highly significant
correlation between the score and the equivalence
mass, and we therefore used only the calcium score in
the detailed evaluation. The calcium score classifi-
cation compared well with radiological classification
(R ¼ 0:628; P , 0:001; Fig. 3). The correlation between
the calcium score and histology was unsatisfactory for
all the summary groups (‘soft’, ‘combined’, or ‘hard’).
One reason for this may be that the calcium content in
hard plaques is reduced during histological process-
ing as noted above.23 We believe that the calcium score
for plaques in the extracranial internal carotid artery
can be regarded as the gold standard for quantification
of calcification.
CT morphology did not correlate with the results
from digitally processed ultrasound images of the
carotid bifurcation. This confirms previous studies, in
which grey scale analysis appeared to be unsatisfac-
tory for determining calcium content of the plaque.
Grey scale median values should therefore not be used
as the sole method for evaluating the degree of
calcification.
The median grey values obtained with an in vitro
normalization process did not agree well with either
histological findings due to calcification or the calcium
score calculated using CT morphology. This method
therefore appears to be unsuitable for determining the
degree of calcification. CT analysis allows precise
estimation of the calcium content of plaques of the
internal carotid artery in vitro. Further studies will be
required to define the extent to which this is applicable
to plaque morphology in vivo.
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